Due to generally high discard rates in Norway lobster (Nephrops norvegicus) fisheries, a discard 18 ban coming up and to the cod recovery plan in several areas, selective sorting grids have been tested 19 in many areas and are specified by legislation for use in the Kattegat and Skagerrak area bordering 20 Norway, Denmark and Sweden. Grids are very selective, but they can lead to loss of landable 21
2 flume tank. The three grids were tested from a commercial trawler in the Kattegat and Skagerrak 27 area. Underwater filming was conducted to assess grid performance and fish behavior. Results 28 showed that a bottom hole in the lower part of the grid allowed species in the lower part of the gear 29 to pass and retained in the bag behind the hole. More flatfish passed the grid with horizontal bars 30 compared to that with vertical bars, but the retention rate was still low. Use of the guiding funnel 31 increased the contact with the grid considerably for both target and unwanted species. In all three 32 grid designs, there were losses of Norway lobster above minimum landing size. 33 34 35
Introduction 36
The Norway lobster (Nephrops norvegicus) fishery is among the most economically important 37 demersal species for human consumption in European fisheries (Catchpole and Revill, 2007) . To 38 retain Norway lobster, the mesh sizes used are relatively small (normally below 100 mm), which 39 results in high bycatch and discard rates in most Norway lobster fisheries (Catchpole and Revill, 40 2007 ) and concern about the effects of this fishery on declining stocks of other species, particularly 41 cod (Gadus morhua) (Madsen and Valentinsson, 2010; Eliasen, 2014) . Additionally, the high 42 bycatch rates in Norway lobster fisheries will cause problems by the reform of the European Union 43 common fisheries policy that plans for gradual elimination of discards by landing obligations where 44 all individuals of certain species caught are landed (Sardà et al., 2015) . This means that unwanted 45 catch (i.e., species or sizes with landing obligations but not of commercial interest) will be 46 attributed to a given vesselʼs quota. 2009; Madsen and Valentinsson, 2010) , and the grids are widely used by Swedish fishermen fishing 53 3 in this area, whereas Danish fishermen use other selective devices (Madsen and Valentinsson, 54 2010) . 55
Several studies reported a loss of marketable fish bycatch when grids were used in the Norway 56 lobster fishery (Catchpole et al., 2006; Frandsen et al., 2009; Drewery et al., 2010) . The fish 57 bycatch constitutes a part of the economy in most Norway lobster fisheries, particularly flatfish 58 species. A loss of commercial sized Norway lobster also has been identified (Frandsen et al., 2009) . 59
Thus, improvements of grids in order to retain commercial fish species and lobster are essential. 60
Some studies have focused on improving the performance of the grid (Valentinsson and 61 Ulmestrand, 2008; Frandsen et al., 2009; . Results indicate that it is possible to 62 make improvements but also that further development is necessary. In relation to increasing 63 sustainability in the Norway lobster fishery by reducing unwanted bycatches, the upcoming discard 64 ban and an environmental certification (e.g., Marine Stewardship Council; www.msc.org) that may 65 be required of these fisheries. It is thus crucial to improve the grid to make it commercially feasible 66 because of the expected increased use of grids by fishermen in the future. 67
The main objective of this study was to develop and test an improved grid system that is able to 68 increase the retention of marketable fish and Norway lobster but still be highly selective to non-69 target species. Most previous studies have been conducted based on relative catch comparisons 70 (Catchpole et al., 2006; Valentinsson and Ulmestrand, 2008; Drewery et al., 2010) , in which results 71 depend on the size structure of the populations that come in contact with the grid. In this study we 72 used small meshed collecting bags to provide estimates that were population independent. By 73 covering different parts of the grids with the collecting bags we aim at gaining information about 74
where escape takes place. The experiments were conducted in the Kattegat and Skagerrak area, 75 which is characterized by high discard rates (Feekings et al., 2012; Uhlmann et al., 2014) and where 76 management plans have been made to ensure recovery of the cod stock that has been declining over 77 the past 30 years (Madsen and Valentinsson, 2010; Kraak et al., 2013; Eliasen, 2014) . During the 78 last decade, development and implementation of selective fishing gears has been a cornerstone of 79 fisheries management in this area (Madsen and Valentinsson, 2010) . constructed: one with traditional vertical bars and one with horizontal bars; the aim of the latter was 106 5 to make it easier for flatfish to pass through the bars since they are of commercial importance in the 107 Danish Norway lobster fishery (particularly plaice). 108
The grids were inserted at an angle of 45° in a four-panel section made of 90 mm single thread 109 polyurethane ( Fig. 2) . A four-panel section was used because it is expected to be more stable than a 110 traditional round two-panel section . A wedge section inserted in front of the 111 grid section served as the conversion to the conventional two-panel sections in front of the grid 112 section. The vertical bars grid was tested in two different riggings: one without a guiding funnel and 113 one with a 2 meter long guiding funnel ending 70 cm in front of the grid having a vertical opening 114 on 20 cm (Fig. 2) . The advantage of using a guiding funnel is that the catch is concentrated in the 115 lower part of the fishing gear, potentially providing a larger contact area for Norway lobster that 116 might hit the middle or upper part of a grid (Krag et al., 2009 ). The disadvantage is that the funnel 117 disrupts behavior, particularly by guiding fish downwards, and reduces the use of species-specific 118 behavior as a selectivity tool (e.g., cod are expected to stay higher in the net than Norway lobster 119 and flatfish). 120
Four 8 m long separate small meshed collecting bags made of netting with a 35 mm nominal 121 mesh opening were inserted in the codend and attached to the grid where they were used to collect 122 fish penetrating and escaping from the grid system (Fig. 3 ). The bags collected individuals escaping 123 through: 1) the hole in the lower part of the grid; 2) the lower half of the grid; 3) the upper half of 124 the grid; and 4) the escape hole above the grid after being rejected by the grid system. 125 126
Experimental work 127
128 All grid systems were tested in a flume tank (Hirtshals, Denmark) to assess performance and make 129 adjustments before the sea trials. Approximately 20 fishermen and net markers participated in these 130 tests to comment and discuss the performance of the systems. Measurements of the water flow 131 inside the codend were conducted at the maximum speed for the flume tank of 0.9 m/s (1.8 knots), 132 using an electromagnetic current flow sensor (Valeport, model 802) with a precision of flow 133 6 measurements ± 4%. The measurements were taken 10 cm in front of the grid and midway in the 134 vertical direction for the hole, the lower grid and the upper grid sections (Fig. 2) . Measurements 135 were also taken 10 cm behind the grid at the same positions for the two vertical bars grids; this 136 measurement was not taken for the horizontal bars grid because it was impossible to penetrate this 137 grid (from above) with the flow meter. A total of 1000 measurements were taken at each position. 
The increased number of parameters in the multinomial model makes the estimation more data 185 demanding in terms of number of fish caught in each compartment. Furthermore, the model is 186 subject to the same limitations of confounding between the intercepts and the split-parameters. 187
The well-known between-haul variation (Fryer, 1991) that occurs when data are collected over 188 multiple hauls was addressed by applying the correction to the standard errors of the 189 parameters estimates obtained from fitting the above model to the stacked data (Millar et al., 2004). 190 This approach is robust for handling data with scarce observations in individual haul compartment 191 combinations. Confidence bands for the expected proportions were obtained using the delta theorem 192 (Lehmann, 1983) . We used the R-package 'nnet' for the estimation of our model. Clogging of the grid by seaweed was a problem in several hauls, and we actively searched for 210 areas without any seaweed. Hauls where seaweed was found on the grid were discarded because its 211 presence reduced penetration through the bars and hence influenced selectivity. In the remaining 212 hauls seaweed was not observed on the grid or in collecting bags. One haul was discarded because a 213 large amount (> 5 tonnes) of greater weaver (Trachinus draco) was caught. Table 2 lists the number 214 of hauls included in the analysis (10-14) for each grid system and conditions during the sea trials. In general, we documented high escape of fish in the two grid concepts in which no guiding 286 funnel was used. We used an experimental codend/collecting bags with small low-selective meshes. 287
In a commercial codend, mesh selection will occur in the codend behind the grid, where additional 288 12 escape of some of the smallest fish passing through the grid system will occur. The bottom hole 289 seemed to function well in the grids without the guiding funnel, as a relatively high proportion of 290 Norway lobster entered through it, as did a few gadoids. Because the proportion of flatfish was low, 291 it would be relevant to make improvements to retain more flatfish above MLS that are of 292 commercial value. In all grids tested in our experiments, higher proportions of cod, plaice and 293 is likely that their first contact will be with the lower part of a grid device. The water flow, and 311 hence the towing speed, might have an effect on the selection process, but it is not obvious in which 312 direction, and further investigations would be valuable. 313
More plaice above MLS passed through the horizontal bars compared to the vertical bars. 314
However, still more than three-quarters of the plaice above MLS escaped when using horizontal 315 13 bars. A high rejection rate of flatfish that come in contact with grid bars must be expected, and it 316 will be difficult to increase substantially the retention rate of large flatfish and other selective 317 devices should be considered to increase retention of flatfish. As observed in previous trials with 318 other grid designs and the 35 mm bar distance (Frandsen et al., 2009 ) and 40 mm bar distance 319 (Madsen et al., 2015) there are still Norway lobster that don't penetrate the grid and escape. For the 320 horizontal bars grid, only around 5% of Norway lobster below MLS escaped whereas 24% above 321 MLS escaped. This indicates that it is actually possibly to reduce the loss further by increasing the 322 bar distance. Because a proportion of the Norway lobster catch passes through the upper part of the 323 grid, another potential way to reduce loss is to increase the length of the grid and to increase the 324 contact area, as penetration of Norway lobster through the grid bars will depend on the contact 325 angle and several escape attempts might be necessary. However, increased 326 length of the grid is expected to increase retention of small fish. 327
We conducted relatively short hauls, but we still had to discard several hauls because the grids 328 were blocked by seaweed. This is a disadvantage of the grid compared to selective escape windows. 329
Under commercial conditions, this problem might add an extra cost for the fishermen, and in some 330 areas it might be impossible to use a grid during certain periods of time. However, it might be 331 possible to find a technical solution to this problem. For example, in shrimp fisheries, sensors on the 332 grid are often used to indicate the water flow through the grid. If the grid becomes blocked, the 333 skipper makes a short stop to lower the grid to a horizontal position to remove trash from the grid. 334
Although this particular solution is not very likely to work for seaweed that has infiltrated the grid, 335 similar approaches should be investigated to find a way it would likely remove. In addition, it likely 336 would work to remove other objects, such as flatfish, that can get stacked on the grid. 337
Grids made of polyurethane tested in this study are currently used by several fishermen in shrimp 338 fisheries in several areas, , and they are satisfied with its performance. The stiffness of the material 339 can be adjusted during the production. The general experience is that the "memory" of the material 340 is limited, which ensures that the grid returns to its original shape after being on the net drum. "The 341 14 grids made of this material will likely meet the needs of fishermen in terms of improved 3 Table 3 . Catches of the main species for all hauls pooled divided by MLS. Proportions with 95% confidence 10 limits based on a weighted average of multinomial standard errors over individual hauls (Wang, 2008 2 . Illustration of the grids and the principles of the experimental design. The 90 mm mesh size netting was used in front of the grid and the 35 mm small mesh netting was used for collecting bags that collect fish penetrating the grid system or escaping through the escape hole. Three floats were attached on the top collecting bag above the grid. Positions of flow measurements taken 10 cm in front and behind the grid (for the grid with vertical bars) are indicated by arrows. Drawing not to scale. Fig. 3 . The proportion by length in each of the four collecting bags for the horizontal grid (left), vertical grid (middle), and vertical grid with guiding funnel (right). The shaded areas indicate the 95% confidence bandsLength is in cm for fish and mm carapace length for Norway lobster. Minimum landing size (length provided in Table 3 ) is indicated by a vertical line.
